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FIG. 1 (a) 



(54) Method of plasma etching a film made of one of a ferroelectric material, high dielectric 
constant material or platinum 

(57) A device insulating film, a lower -layer platinum 

film, a ferroelectric film, an upper-layer platinum film, 

and a titanium film are sequentially formed on a semi- 
conductor substrate in this order. On the titanium film, a 
photoresist mask is further formed in a desired pattern. 
The thickness of the titanium film is adjusted to be 1/10 
or more of the total thickness of a multilayer film consist- 
ing of the upper-layer platinum film, the ferroelectric film, 
and the lower-layer platinum film. The titanium film is 
then subjected to dry etching and the photoresist film is 
removed by ashing process. The titanium film thus pat- 
terned is used as a mask in etching the upper-layer plat- 
inum film, the ferroelectric film, and the lower-layer 
platinum f im by a dry-etching method using a plasma of 
a gas mixture of chlorine and oxygen in which the vol- 
ume concentration of oxygen gas is adjusted to be 40%. 
During the dry-etching process, the titanium film is oxi- 
dized to provide a high etching selectivity. Subse- 
quently, the titanium film is removed by dry etching 
using a plasma of chlorine gas. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of manu- 
facturing semiconductor devices and. more particularly, 
to a method of etching a ferroelectric material, a high 
dielectric constant material, and platinum. 

There has been known a non-volatile memory utiliz- 
ing spontaneous polarization in a ferroelectric film 
formed on a semiconductor substrate. There has also 
been known a DRAM (dynamic RAM) conprising a 
capacitor formed of a high dielectric constant material 
on a semiconductor substrate. In the process of manu- 
facturing these types of memories, the technology of 
micro-fabrication is required to process a ferroelectric 
material, a high dielectric constant material, and plati- 
num (Pt) used in the electrodes of the memories. 

There is a well-known method of processing a ferro- 
electric material or a high dielectric constant material by 
dry etching using a photoresist as a mask and a plasma 
of chlorine (Cl 2 ) gas. However, since each of the ferroe- 
lectric material and high dielectric constant material is 
an oxide compound of metal having a high melting point 
and a high boiling point, the etching rate thereof is low. 
To achieve a sufficient selectivity, therefore, the photore- 
sist mask conventionally used in the method should 
have a considerable thickness, which has rendered 
micro-fabrication difficult. 

SUMMARY OF THE INVENTION 



the method, the metaJ film formed as the upper-layer 
mask is oxidized by the plasma, resulting in a lower 
etching rate for the mask. By contrast, a higher etching 
rate is achieved for the fHm to be etched. Hence, a 
5 higher selectivity is obtained to allow easier mjcro-febri- 
cation of the film to be etched. Moreover, since the film 
to be etched is covered with the lower-layer mask during 
the removal of the upper-layer mask, the film to be 
etched is not exposed to the etching gas, which sup- 
10 presses variations in ferroelectric properly or high die- 
lectric constant property and degradation thereof. To 
prevent a residue of the upper-layer mask from being 
produced, a reducing gas plasma, e.g., a plasma of 
boron trichloride is used to etch the upper-layer mask. 

is The present invention also provides a method 
wherein a mask is formed from an insulating material 
which has been deposited and patterned on a film to be 
etched made of at least one of a ferroelectric material 
and a high dielectric constant material. The film to be 

20 etched is then selectively etched by using a gas plasma 
and, thereafter, only an upper-layer portion of the mask 
made of the insulating material is removed. In accord- 
ance with the method, easier micro-fabrication of the 
fHm to be etched is implemented by adopting a dry-etch- 

zs ing method using the mask made of the insulating mate- 
rial, compared with the case of using a photoresist 
mask. Moreover, since the mask is partially removed, 
the film to be etched is protected during the removal of 
the mask, which suppresses variations in ferroelectric 

30 property or high dielectric constant property and degra- 
dation thereof. 



It is therefore an object of the present invention to 
implement easy micro-fabrication of a ferroelectric 
material, a high dielectric constant material, and plati- as 
num. 

To achieve the above object, the present invention 
provides a method wherein a mask rs formed from a 
metal film likely to be oxidized which has been depos- ■ 
ited and patterned on a film to be etched made of at 40 
least one of a ferroelectric material, a high dielectric 
constant material, and platinum. The film to be etched is 
then etched by using a plasma of a mixture of halogen 
gas and oxygen gas. In accordance with the method, 
the metal film formed as the mask is oxidized by the 45 
plasma, resulting in a lower etching rate for the mask. 
By contrast a higher etching rate is achieved for the film 
to be etched. Hence, a higher selectivity is obtained to 
allow easier micro-fabrication of the film to be etched. 

The present invention also provides a method so 
wherein lower-layer and upper-layer masks are formed 
from an insulating material and a metaJ likely to be oxi- 
dized which have been deposited in this order and pat- 
terned on a film to be etched made of at least one of a 
ferroelectric material and a high dielectric constant 55 
material. The film to be etched is then etched by using a 
plasma of a mixture of halogen gas and oxygen gas 
and, thereafter, the upper-layer mask is removed while 
the lower-layer mask is left as it is. In accordance with 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) to 1(e) are cross-sectional views illus- 
trating a process by a method of manufacturing 
semiconductor devices according to the present 
invention; 

FIG. 2 shows individual relationships between the 
volume concentration of oxygen gas in a gas mix- 
ture of chlorine and oxygen and respective etching 
rates for platinum, a ferroelectric material, and tita- 
nium when dry etching using a plasma of the gas 
mixture is performed with respect thereto; 
FIGS. 3(a) to 3(d) are cross-sectional views illus- 
trating another process by the method of manufac- 
turing semiconductor devices according to the 
present invention; 

FIG. 4 shows individual relationships between the 
pressure inside a chamber and respective etching 
rates for titanium and titanium oxide when dry etch- 
ing using a plasma of boron trichloride gas is per- 
formed with respect thereto; and 
FIGS. 5(a) to 5(d) are cross-sectional views illus- 
trating still another process by the method of manu- 
facturing semiconductor devices according to the 
present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Specific embodiments of a method of manufactur- 
ing semiconductor devices according to the present 
invention will be described with reference to the draw* s 

ings. 

FIGS. 1(a) to l(e) illustrate the method of manufac- 
turing semiconductor devices according to the present 
invention, in which are shown: a semiconductor sub- 
strate 1 made of single-crystal silicon (Si); a device w 
insulating film 2 made of silicon oxide (Si0 2 ); a lower- 
layer platinum (Pt) film 3; a ferroelectric film 4 made of 
SBT as SrBi 2 Ta 3 0 9 ; an upper-layer platinum (Pt) film 5; 
a titanium (Ti) film 6; and a photoresist mask 7. 

The manufacturing method Is implemented by is 
sequentially forming the device insulating film 2. the 
lower -layer platinum film 3, the ferroelectric film 4, the 
upper-layer platinum film 5, and the titanium film 6 on 
the semiconductor substrate 1 in this order. On the tita- 
nium film 6, the photoresist mask 7 is further formed in 20 
a desired pattern by photolithography (FIG. 1(a)). The 
device insulating film 2 is formed by CVD. The lower- 
layer platinum film 3, the tpper-layer platinum film 5. 
and the titanium film 6 are formed by sputtering. The fer- 
roelectric film 4 is famed by sol-gel process (specrfi- 25 
cally. by spin coating or mist process). The respective 
thicknesses of the device insulating film 2, lower-layer 
platinum f Hm 3. ferroelectric film 4. upper-layer platinum 
film 5. titanium film 6, and photoresist mask 7 are, e.g.. 
200 nm, 300 nm, 200 nm, 200 nm, 200 nm, and 1200 30 
nm. In this case, the thickness of the titanium film 6 is 
adjusted to be 1/1 0 or more of the total thickness of a 
multilayer film consisting of the upper-layer platinum film 
5. the ferroelectric film 4, and the lower-layer platinum 
film 3. 35 

The titanium film 6 is then subjected to dry etching 
using a plasma of chlorine (Cl 2 ) gas (FIG. 1(b)). fol- 
lowed by the removal of the photoresist film 7 by ashing 
process using an oxygen (0 2 ) plasma. (FIG. 1 (c)). 

Subsequently, the multilayer film consisting of the *o 
upper-layer platinum film 5. the ferroelectric film 4, and 
the lower-layer platinum film 3 ts subjected to dry etch- 
ing using the patterned titanium film 6 as a mask and a 
plasma of a gas mixture of chlorine (Cl 2 ) and oxygen 
(0 2 ) (FIG. 1(d)). The dry-etching process is performed 45 
in a dedicated chamber, in which the respective flow • 
rates of the chlorine gas and oxygen gas are adjusted to 
be 12 cc/minute and 8 cc/minute. the internal pressure 
is held at 2 Pa. and RF power of 13.56 MHz is applied to 
the gas mixture at a density of 5 W/cm 2 thereby gener- so 
ating the plasma of the gas mixture of chlorine and oxy- 
gen. In this case, the volume concentration of the 
oxygen gas in the mixture gas of chlorine and oxygen is 
40%. 

Furthermore, the titanium fim 6 is removed by dry 55 
etching using a plasma of chlorine gas (FIG. 1(e)). Dur- 
ing the dry-etching process, the flow rate of the chlorine 
gas is adjusted to be 30 cc/minute, the pressure inside 
the chamber is held at 20 Pa. and RF power of 13.56 



MHz is applied to the chlorine gas at a density of 0.7 
W/cm 2 . thereby generating the plasma of the chlorine 
gas. The foregoing steps are for forming a ferroelectric 
capacitor on the semiconductor substrate 1 with the 
device insulating film 2 interposed therebetween. After 
the step illustrated in FIG. 1(e), there is performed a wir- 
ing step (not shown). 

FIG. 2 shows individual relationships between the 
volume concentration of oxygen gas in a gas mixture of 
chlorine and oxygen and respective etching rates for 
platinum, a ferroelectric material, and titanium when dry 
etching using the plasma of the gas mixture is per- 
formed with respect thereto, in which the horizontal axis 
represents the volume concentration of the oxygen gas 
in the gas mixture of chlorine and oxygen and the verti- 
cal axis represents the respective etching rates for plat- 
inum, the ferroelectric material, and titanium. The 
individual etching rates are indicated relative to an etch- 
ing rate for platinum when the volume concentration of 
the oxygen gas is 0% (i.e.. the volume concentration of 
the chlorine gas is 100%). The plasma for etching is 
generated by holding the pressure inside the chamber 
at 2 Pa and applying RF power of 13.56 MHz to the gas 
mixture at a density of 5 W/cm 2 . 

From FIG. 2., it will be understood that the etching 
rate for titanium is drastically reduced when the volume 
concentration of the oxygen gas becomes 27% or more. 
This is because titanium has been oxidized by the 
plasma and hence is less likely to be etched. If the vol- 
ume concentration of the oxygen gas is adjusted to be 
30% or more, the etching rate for titanium becomes 1/1 0 
or less of the etching rates for platinum and the ferroe- 
lectric material. The thickness of the titanium film 6 is 
adjusted to be 1/10 or more of the total thickness of the 
multilayer film consisting of the upper-layer platinum film 
5, the ferroelectric film 4. and the lower-layer platinum 
fim 3 as described above, and consequently the 
unwanted portions of the films 3 to 5 stacked in layers 
can be etched away, while the patterned titanium film 6 
and the wanted portions of the underlying films 3 to 5 
stacked in layers are left, as shown in FIG. 1(d). 

Thus, according to the present method, the films 3 
to 5 stacked in layers are selectively etched by using the 
titanium film 6 formed and patterned as a mask on the 
fims 3 to 5 made of platinum and the ferroelectric mate- 
rial and by using the plasma of the mixture gas of chlo- 
rine and oxygen, resulting in an improved accuracy with 
which the fflms 3 to 5 stacked in layers are processed. 
Moreover, since the photoresist mask 7 is used only for 
patterning the titanium film 6, the thickness of the pho- 
toresist mask 7 can be reduced, which contrtoutes to 
improved resolution and improved tolerance for a focal 
depth in an optical system for photolithography. With 
these advantages, various ferroelectric materials which 
have remained to be used because of their poor proc- 
essability become usable, thereby improving the char- 
acteristics, reliability, and production yield of a 
semiconductor device. Alternatively, a titanium layer, a 
titanium nitride layer, or a titanium oxide layer may be 
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interposed as an adhesion layer between the device 
insulating film 2 and the loweMayer platinum film 3. It is 
also possible to interpose a similar adhesion layer 
between the upper-layer platinum film 5 and the titanium 
film 6 so that the adhesion layer remaining even after 
the removal of the titanium film 6 ensures adhesion of 
the upper-layer platinum film 5 to the oxide silicon film 
formed after the step illustrated in FIG. 1(e). 

As is apparent from FIG. 2, the film to be etched is 
not limited to such a multilayer film of Pt and SBT as 
described above. A high selectivity is also exhibited to a 
single-layer film of Pt or SBT. The present method is 
also applicable to the etching of a PZT as PbTi0 3 - 
PbZr0 3 film which is a ferroelectric film or to the etching 
of a BST as BaTi0 3 -SrTi0 3 fym which is a high dielec- 
tric constant film. Although the foregoing errfcodiment 
has used the titanium (Ti) film as the mask, a mask 
made of a titanium compound or an alloy containing tita- 
nium may be used instead. Alternatively, a mask made 
of another metal likely to be oxidized such as chromium 
(Cr), tantalum (Ta), or aluminum (Al) may be used 
instead. In place of the gas mixture of Cfe and 0 2 , a gas 
mixture of another halogen gas such as HBr, SF 6 , or 
HCI and 0 2 may be used as the etching gas. However, 
since a chloride of platinum (Pt) is higher in vapor pres- 
sure than a fluoride of Pt a chlorine-based gas is pre- 
ferred to a fluorine-based gas in etching Pt. 

As described above, the ferroelectric capacitor has 
a structure in which the ferroelectric film is interposed 
between the upper and lower platinum films. To prevent 
surface leakage on a side face of the ferroelectric film 
during the use of the resulting semiconductor device, 
the area of the upper-layer platinum film is preferably 
smaller than the area of the ferroelectric film. A descrip- 
tion will be given below to an etching process of the fer- 35 
roelectric film and the lower-layer platinum film which is 
separately performed from an etching process of the 
upper-layer platinum film. 

FIGS. 3(a) to 3(d) illustrate another process by the * 
method of manufacturing semiconductor devices 40 
according to the present invention, in which are shown: 
a semiconductor substrate 1 1 made of single-crystal sil- 
icon (Si); a device insulating film 12 made of silicon 
oxide (Si0 2 ); a lower-layer platinum (Pt) film 13; a ferro- 
electric film 1 4 made of SBT as Sr^Ta^; an upper- 45 
layer platinum (Pt) film 15; a mask insulating film 16 
made of NSG (non-doped silicate glass) which is a sili- 
con oxide (Si0 2 ); and a titanium (Ti) fim 17. 

The manufacturing method is implemented by 
sequentially forming the device insulating film 12. the so 
lower-layer platinum film 13. the ferroelectric film 14, 
and the upper-layer platinum film 15 on the semicon- 
ductor sU>strate 1 1 in this order, followed by the etching 
of the ipper-layer platinum fim 15 into a desired pattern 
(FIG. 3(a)). The device insulating film 12 is formed by 55 
CVD. The lower-layer and upper-layer platinum films 13 
and 15 are formed by sputtering. The ferroelectric fflm 
14 is formed by sol-geLprocess (specifically, by spin 
coating or mist process). The respective thicknesses of 



the device insulating film 12. the lower-layer platinum 
"film 13. the ferroelectric film 14, and the upper-layer 
platinum film 15 are, e.g., 100 nm. 200 nm. 200 nm, and 
200 nm. Since only the upper-layer platinum film 15 is 
5 etched here, a dry-etching method using a photoresist 
mask can be applied to the etching. The etching gas is 
composed of. e.g., chlorine (Cl 2 ) gas. The photoresist 
mask is removed by ashing process using an oxygen 
(0 2 ) plasma. 

Next, the mask insulating film 16 is formed by CVD 
to cover the patterned upper-layer platinum fim 15, fol- 
lowed by the formation of the titanium film 1 7 by sputter- 
ing on the mask insulating film 16. Thereafter, the 
titanium film 17 and the mask insulating film 16 are 
is etched into a pattern larger than the upper-layer plati- 
num fim 15 (FIG. 3(b)). The respective thicknesses of 
the mask insulating film 16 and the titanium film 17 are. 
e.g.. 100 nm and 200 nm. In this case also, a dry-etch- 
ing method using a photoresist mask can be applied to 
20 the etching. The etching gas for the titanium film 1 7 is. 
e.g., a Cl 2 gas and the etching gas for the mask insulat- 
ing film 16 is. e.g., CF 4 gas. The photoresist mask is 
removed by ashing process using an oxygen (0 2 ) 
plasma. 

Subsequently, the ferroelectric film 14 is subjected 
to dry etching using the patterned titanium film 17 and 
insulating film 16 as a mask and a plasma of a gas mix- 
ture of chlorine (Cy and oxygen (0 2 ) (FIG. 3(c)). Dur- 
ing the dry-etching process, the titanium film 17 is 
partially changed into titanium oxide (TiO^. 

Furthermore, the titanium film 1 7 rs removed by dry 
etching using a reducing plasma of boron trichloride 
(BCI 3 ) gas, while the insulating film 16 is left as it is 
(FIG. 3(d)). In this case, the flow rate of boron trichloride 
is adjusted to be 80 cc/minute. the pressure inside the 
chamber is held at 13.3 Pa (- 100 mTorr), and RF power 
of 115 W « applied, thereby generating the plasma of 
boron trichloride gas. After the step illustrated in FIG. 
3(d). there is performed a wiring step (not shown) 
including perforation of the insulating film 1 6. 

Thus, according to the present method, the titanium 
fim 17 is patterned to form a mask on the ferroelectric 
fim 14 and the ferroelectric fim 14 is selectively etched 
by using the plasma of the gas mixture of chlorine and 
oxygen, resulting in an improved accuracy with which 
the ferroelectric film 14 is processed. In addition, the 
titanium film 1 7 used as the mask can be removed com- 
pletely. 

FIG. 4 shows individual relationships between the 
pressure inside a chamber and respective etching rates 
tor titanium and titanium oxide when dry etching using 
the plasma of the boron trichloride gas ts performed 
with respect thereto. From the drawing, it will be under- 
stood that the etching rate for titanium becomes sub- 
stantially equal to the etching rate for titanium oxide 
when the pressure is 13.3 Pa. Accordingly, no residue of 
titanium or titanium oxide is observed when the titanium 
fim 17 is etched under the foregoing conditions so that 
the wiring step is not hindered. Moreover, since the fer- 
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roeiectric film 14 is covered with the mask insulating film 
16 during the removal of the titanium film 17, the ferroe- 
lectric film 14 is not exposed to the etching gas, which 
prevents variations in ferroelectric property and degra- 
dation thereof. As a result of an experiment. 15 nC/cm 2 5 
is observed as residual paralyzation in the ferroelectric 
film 14 and the voltage resistance thereof is 30 V. Alter- 
natively, titanium layers, titanium nitride layers, or tita- 
nium oxide layers may be interposed as adhesion layers 
between the device insulating fHm 12 and the lower- w 
layer platinum film 1 3 and between the upper-layer plat- 
inum film 15 and the mask insulating film 16. respec- 
tively. 

The present method is also applicable to the etch- 
ing of a PZT film which is a ferroelectric film and to the is 
etching of a BST film which is a high dielectric constant 
film. The mask insulating film 16 may also be corrposed 
of a silicon nitride (Si 3 N 4 ) film. However, the use of gas 
containing hydrogen such as ammonia (NH 3 ) gas in the 
formation of the silicon nitride film may degrade the fer- 20 
roeiectric film 1 4, so that a film formation method should 
be determined carefully. Instead of the titanium film 17, 
the mask may be composed of a titanium compound, an 
alloy containing titanium, or another metal likely to be 
oxidized such as chromium (Cr), tantalum (Ta), or alumi- 25 
num (Al). Instead of the boron trichloride (BCI 3 ) gas. 
another chlorine-based gas such as Cl 2 . CHCI 3 . or HCI 
may be used to etch the titanium film 17. However, the 
use of the boron trichloride (BCI 3 ) gas is most preferred 
in terms of preventing a residue from being produced. A 30 
dry-etching method using the multilayer film of NSG and 
titanium as a mask is also applicable to the etching of 
the upper-layer platinum film 15. The upper -layer plati- 
num film 15 may be etched using only the titanium film 
or NSG film as a mask. It is to be noted that the selec- 3S 
trvities with respect to titanium, NSG. and the photore- 
sist are in decreasing order. In the case of using a 
single-layer mask, therefore, the highest selectivity is 
exhibited to the mask composed of the titanium film 
among the masks composed of titanium. NSG. and the 4c 
photoresist. Alternatively, the ferroelectric film 14 and 
the lower -layer platinum fflm 13 may be etched simulta- 
neously. 

FIGS. 5(a) to 5(d) illustrate another process by the 
method of manufacturing 'semiconductor devices <5 
according to the present invention, in which are shown: 
a semiconductor substrate 21 made of single-crystal sil- 
icon (Si); a device insulating film 22 made of silicon 
oxide (SiOe); a lower-layer platinum (Pt) film 23; a ferro- 
electric fflm 24 made of SBT as SrBi 2 Ta 3 0 9 ; an upper- 50 
layer platinum (Pt) film 25; and a mask insulating fim 26 
made of NSG. 

The manufacturing method is implemented by 
sequentially forming the device insulating film 22. the 
lower-layer platinum film 23. the ferroelectric film 24, 55 
and the upper-layer platinum film 25 on the semicon- 
ductor substrate 21 in this order, followed by the etching 
of the upper-layer platinum film 25 into a desired pattern 
(FK3. 5(a)), similarly to the step illustrated in FIG. 3(a). 



Next, the mask insulating film 26 is then formed by 
CVD to cover the patterned upper-layer platinum film 
25. which is then etched into a pattern larger than the 
upper-layer platinum film 25 (FIG. 5(b)). The thickness 
of the mask insulating film 26 is. e.g.. 500 nm. The etch- 
ing process can be performed by a dry-etching method 
using a photoresist mask. The etching gas is a fluorine- 
based gas such as CF 4 or CHF 3 . The photoresist mask 
is removed by ashing process using an oxygen (0 2 ) 
plasma. 

Subsequently, the ferroelectric fflm 24 is subjected 
to dry etching using the patterned insulating film 26 as a 
mask and a plasma of a gas mixture of chlorine (Cl 2 ) 
and oxygen (0 2 ) (FIG. 5(c)). 

Furthermore, the mask insulating film 26 is partially 
removed by dry etching using a plasma of fluorine- 
based gas such as CF 4 or CHF 3 (FIG. 5(d)). The etch- 
ing time is adjusted such that the thickness of the mask 
insulating film 26 becomes, e.g., 100 nm. After the step 
illustrated in FIG. 5(d), there is performed a wiring step 
(not shown) including perforation of the insulating film 
26. 

The present method allows easier micro-fabrication 
of the ferroelectric film 24 by adopting a dry-etching 
method using the mask insulating film 26 made of NSG. 
Moreover, since the ferroelectric film 24 is covered with 
the mask insulating film 26 in the step illustrated in FIG. 
5(d). the ferroelectric film 24 is not exposed to the etch- 
ing gas. which suppresses variations in ferroelectric 
property and degradation thereof. As a result of an 
experiment, 13 to 15 yC/cm 2 is observed as residual 
polarization in the ferroelectric film 24 and the voltage 
resistance thereof is 25 to 30 V. Alternatively, titanium 
layers, titanium nitride layers, or titanium oxide layers 
may be interposed as adhesion layers between the 
device insulating film 22 and the lower -layer platinum 
fflm 23 and between the upper-layer platinum film 25 
and the mask insulating film 26, respectively. 

The present method is also applicable to the etch- 
ing of a PZT film which is a ferroelectric fim and to the 
etching of a BST film which is a high dielectric constant 
fim. The mask insulating film 26 may be a silicon nitride 
(Si 3 N 4 ) film. Alternatively, the ferroelectric film 24 and 
the lower-layer platinum film 23 may be etched simulta- 
neously. 

Claims 

1 . A method of manufacturing semiconductor devices, 
comprising the steps of : 

forming a fim to be etched on a semiconductor 
substrate, said film to be etched being made of 
at least one of a ferroelectric material, a high 
dielectric constant material, and platinum; 
forming a patterned mask made of a metal 
likely to be oxidized on said fim to be etched; 
and 

selectively etching said fim to be etched by 
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using an oxidizing and halogenating gas 
plasma. 

2. A method according to ciaim 1 , wherein 

said step of forming the mask comprises the 5 
step of forming a film made of at least one of tita- 
nium, a titanium compound, and an alloy containing 
titanium. 

3. A method according to daim i, herein 

said step of selectively etching the film to be 
etched comprises therstep of selecting a plasma of 
a gas mixture of chlorine and oxygen. 

4. A method according to daim 3, wherein 

said step of selecting the plasma of the gas 
mixture of chlorine and oxygen comprises the step 
of adjusting a volume concentration of oxygen gas 
in said gas mixture to be 30% or more. 

5. A method of manufacturing semiconductor devices, 
comprising the steps of: 



comprises the step of selecting a reducing gas 
plasma of boron trichloride. 

10. A method of manufacturing semiconductor devices, 
comprising the steps of: 

forming a film to be etched on a semiconductor 
substrate, said film to be etched being made of 
at least one of a ferroelectric material and a 
high dielectric constant material: 
forming a patterned mask made of an insulat- 
ing material on said film to be etched: 
selectively etching said film to be etched by 
using a gas plasma: and 
removing only an upper-layer portion of said 
mask. 

11. A method according to claim 10. wherein 

said step of forming the mask comprises the 
step of forming a film made of silicon oxide. 



is 



forming a film to be etched on a semiconductor 
substrate, said film to be etched being made of 2s 
at least one of a ferroelectric material and a 
high dielectric constant material: 
forming a patterned multilayer mask on said 
film to be etched, said multilayer mask compris- 
ing a lower-layer mask made of an insulating 30 
material and an upper-layer mask made of a 
metal likely to be oxidized on said lower-layer 
mask: 

selectively etching said film to be etched by 
using an oxidizing and halogenating gas 35 
plasma: and 

removing said upper-layer mask while leaving 
said lower-layer mask. 

6. A method according to daim 5. wherein 40 

said step of forming the lower-layer mask 
comprises the step of forming a flm made of silicon 
oxide. 

7. A method according to daim 5, wherein 45 

said step of forming the upper-layer mask 
comprises the step of forming a film made of at 
least one of titanium, a titanium compound, and an 
alloy containing titanium. 

50 

. A method according to daim 7, wherein 

said step of removing the upper-layer mask 
comprises the step of etching said upper-layer 
mask by using a redudng gas plasma under such a 
condition that titanium and titanium oxide are 55 
etched at the same rate. 

. A method according to daim 8. wherein 

said step of removing the upper-layer mask 
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